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Lesson 22:  Choosing a Model 

 
Student Outcomes  

 Students analyze data and real-world situations and find a function to use as a model. 

 Students study properties of linear, quadratic, sinusoidal, and exponential functions. 

 

Lesson Notes 

When modeling authentic data, a mathematician or scientist must apply knowledge of conditions under which the data 

were gathered before fitting a function to the data.  This lesson addresses focus standards F-BF.A.1a and F-LE.A.2, which 

ask students to determine an explicit expression for a function from a real-world context.  Additionally, the entire lesson 

focuses on MP.4, as students use and analyze mathematical models for a variety of real-world situations.  Students have 

already studied linear, quadratic, sinusoidal, and exponential functions, so the principal question being asked in this 

lesson is how to use what we know about the context to choose an appropriate function to model the data.  We begin by 

fitting a curve to existing data points for which the data taken out of context do not clearly suggest the model.  We then 

begin choosing a function type to model various scenarios.  This is primarily a summative lesson that begins with a 

review of properties of linear, polynomial, exponential, and sinusoidal functions. 

 

Classwork  

Opening Exercise  (8 minutes) 

In this example, students are given points to plot and a real-world context.  The point of this exercise is that either a 

quadratic model or a sinusoidal model can fit the data, but the real-world context is necessary to determine how to 

appropriately model the data.  Encourage students to use calculators or another graphing utility to produce graphs of 

the functions in this exercise and to then copy the graph to the axes provided on the student pages. 

 

Opening Exercise 

a. You are working on a team analyzing the following data gathered by your colleagues:   

(−𝟏. 𝟏, 𝟓), (𝟎, 𝟏𝟎𝟓), (𝟏. 𝟓, 𝟏𝟕𝟖), (𝟒. 𝟑, 𝟏𝟐𝟎). 

Your coworker Alexandra says that the model you should use to fit the data is 

𝒌(𝒕) = 𝟏𝟎𝟎 ∙ 𝐬𝐢𝐧(𝟏. 𝟓𝒕) + 𝟏𝟎𝟓. 

Sketch Alexandra’s model on the axes at left on the next page. 

 

b. How does the graph of Alexandra’s model 𝒌(𝒕) = 𝟏𝟎𝟎 ∙ 𝐬𝐢𝐧(𝟏. 𝟓𝒕) + 𝟏𝟎𝟓 relate to 

the four points?  Is her model a good fit to this data? 

The curve passes through or close to all four of those points, so this model fits the 

data well. 

 

c. Another teammate Randall says that the model you should use to fit the data is 

𝒈(𝒕) = −𝟏𝟔𝒕𝟐 + 𝟕𝟐𝒕 + 𝟏𝟎𝟓. 

Sketch Randall’s model on the axes at right on the next page.  

 

Scaffolding: 

Students who struggle with 

sketching the sinusoidal curve 

may need to be reminded that 

its zeros are at 
2𝜋𝑛

3
 for real 𝑛.  

Those who struggle with 

sketching the parabola may 

need the hint that it has vertex 

(2.25,186) and passes through 

(0, 105). 
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d. How does the graph of Randall’s model 𝒈(𝒕) = −𝟏𝟔𝒕𝟐 + 𝟕𝟐𝒕 + 𝟏𝟎𝟓 relate to the four points?  Is his model a 

good fit to the data? 

The curve passes through or close to all four of those points, so this model also fits the data well. 

                                          

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

e. Suppose the four points represent positions of a projectile fired into the air.  Which of the two models is 

more appropriate in that situation, and why? 

The quadratic curve of Randall’s model makes more sense in this context.  Some students may know that the 

acceleration of the projectile due to gravity warrants a quadratic term in the equation for the function, and all 

students should understand that the motion of the projectile is not cyclic—once it hits the ground, it stays 

there. 

 

f. In general, how do we know which model to choose? 

It entirely depends on the context and what we know about what the data represent.  

 

Discussion  (8 minutes) 

 As the previous exercise showed, just knowing the coordinates of the data points does not tell us which type of 

function to use to model them.  We need to know something about the context in which the data is gathered 

before we can decide what type of function to use as a model. 

 We focus on linear, quadratic, sinusoidal, and exponential models in this lesson.  

 Some things we need to think about:  What is the end behavior of this type of function?  How does the 

function change?  If the input value (𝑥 or 𝑡) increases by 1 unit, what happens to the output value (𝑦)?  Is the 

function increasing or decreasing, or does it do both?  Are there any relative maximum or minimum values?  

What is the range of the function?  

 

 

         Alexandra’s Model                                                                                     Randall’s Model 
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 What are the characteristics of a nonconstant linear function?  (Allow students to suggest characteristics, but 

be sure that the traits listed below have been mentioned before moving on to quadratic models.) 

 If 𝑥 increases by 1, then 𝑦 changes by a fixed amount. 

 The function is always increasing or always decreasing at the same rate.  This rate is the slope of the 

line when the function is graphed. 

 There is no maximum and no minimum value of the function. 

 The range is all real numbers.  

 The end behavior is that the function increases to ∞ in one direction and decreases to −∞ in the other 

direction.  

 What are the characteristics of a quadratic function? 

 The second differences of the function are constant, meaning that if 𝑥 increases by 1, then 𝑦 increases 

linearly with 𝑥. 

 The function increases and decreases, changing direction one time. 

 There is either a maximum value or a minimum value.   

 The range is either (−∞, 𝑎) or (𝑎,∞) for some real number 𝑎. 

 The end behavior is that either the function increases to ∞ in both directions or the function decreases 

to −∞ in both directions.  

 What are the characteristics of a sinusoidal function? 

 The function is periodic; the function values repeat over fixed intervals. 

 There is one relative maximum value of the function and one relative minimum value of the function.  

The function attains these values periodically, alternating between the maximum and minimum value.   

 The range of the function is [𝑎, 𝑏], for some real numbers 𝑎 < 𝑏.  

 The end behavior of a sinusoidal function is that it bounces between the relative maximum and relative 

minimum values as 𝑥 → ∞ and as 𝑥 → −∞.  

 What are the characteristics of an exponential function? 

 The function increases (or decreases) at a rate proportional to the current value of the function. 

 The function is either always increasing or always decreasing.  

 Either the function values approach a constant as 𝑥 → −∞, and the function values approach ±∞ as 

𝑥 → ∞, or the function values approach ±∞ as 𝑥 → −∞, and the function values approach a constant 

as 𝑥 → −∞.  (The function flattens off in one direction and approaches either ∞ or −∞ in the other 

direction.)  

 What are the clues in the context of a particular situation that suggest the use of 

a particular type of function as a model? 

 If we expect from the context that each new term in the sequence of data 

is a constant added to the previous term, then we try a linear model. 

 If we expect from the context that each new term in the sequence of data 

is a constant multiple of the previous term, then we try an exponential 

model. 

 If we expect from the context that the second differences of the sequence are constant (meaning that 

the rate of change between terms either grows or shrinks linearly), then we try a quadratic model. 

 If we expect from the context that the sequence of terms is periodic, then we try a sinusoidal model.  

Scaffolding: 

Have students record this 

information about when to use 

each type of function in a chart 

or graphic organizer. 

 

http://creativecommons.org/licenses/by-nc-sa/3.0/deed.en_US
http://creativecommons.org/licenses/by-nc-sa/3.0/deed.en_US
http://creativecommons.org/licenses/by-nc-sa/3.0/deed.en_US
http://creativecommons.org/licenses/by-nc-sa/3.0/deed.en_US


 
 
  
  
 

 

    

 

 

NYS COMMON CORE MATHEMATICS CURRICULUM M3 Lesson 22 
ALGEBRA II 

Lesson 22: Choosing a Model 
 
 
 

 

357 

This work is derived from Eureka Math ™ and licensed by Great Minds. ©2015  Great Minds. eureka-math.org 
This file derived from ALG II-M3-TE-1.3.0-08.2015 

 

This work is licensed under a  
Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.  

 

Exercise 1  (6 minutes) 

This exercise, like the Opening Exercise, provides students with an ambiguous set of data 

for which it is necessary to understand the context before we can select a model.  After 

students have completed this exercise, go through students’ responses as a class to be 

sure that all students are aware of the ambiguity before setting them to work on the rest 

of the exercises.  Students should work on this exercise in pairs or small groups.  

 

Exercises 

1. The table below contains the number of daylight hours in Oslo, Norway, on the specified 

dates. 

Date Hours and Minutes Hours 

August 1 𝟏𝟔: 𝟓𝟔 𝟏𝟔. 𝟗𝟑 

September 1 𝟏𝟒: 𝟏𝟓 𝟏𝟒. 𝟐𝟓 

October 1 𝟏𝟏: 𝟑𝟑 𝟏𝟏. 𝟓𝟓 

November 1 𝟖: 𝟓𝟎 𝟖. 𝟖𝟑 

 

a. Plot the data on the grid provided and decide how to best represent it. 

 

b. Looking at the data, what type of function appears to be the best fit? 

The data appears to lie on a straight line. 

 

c. Looking at the context in which the data was gathered, what type of function should be used to model the 

data? 

Since daylight hours increase and decrease with the season, being shortest in winter and longest in summer 

and repeating every 𝟏𝟐 months, a linear model is not appropriate.  We should model this data with a periodic 

function. 

  

Scaffolding: 

Tell advanced students that the 

maximum amount of daylight 

in Oslo is 18.83 hours on June 

15, and challenge them to find 

an appropriate sinusoidal 

function to model the data. 
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d. Do you have enough information to find a model that is appropriate for this data?  Either find a model or 

explain what other information you would need to do so. 

We cannot find a complete model for this scenario because we do not know the maximum and minimum 

number of daylight hours in Oslo.  We do know that the maximum is less than 𝟐𝟒 hours and the minimum is 

more than 𝟎 hours.  We could find a very rough model using a sinusoidal function, but we do not know the 

necessary amplitude.  (The maximum number of daylight hours in Oslo is 𝟏𝟖. 𝟖𝟑 hours and occurs in mid-June.  

With this information, the points can be modeled by the function  

𝒅(𝒕) = −𝟔. 𝟒𝟓 𝒄𝒐𝒔(
𝝅
𝟔
(𝒕 − 𝟎. 𝟔𝟓)) + 𝟏𝟐. 𝟑𝟔, as shown in green.) 

 

Exercises 2–6  (12 minutes) 

In these exercises, students are asked to determine which type of function should be used to model the given scenario.  

In some cases, students are given enough information to actually produce a model, and they are expected to do so, and 

in other cases the students can only specify the type of function that should be used.  It is up to them to determine 

whether or not they have all of the needed information.  Students should work on these exercises in pairs or small 

groups.  

 

2. The goal of the U.S. Centers for Disease Control and Prevention (CDC) is to protect public health and safety through 

the control and prevention of disease, injury, and disability.  Suppose that 𝟒𝟓 people have been diagnosed with a 

new strain of the flu virus and that scientists estimate that each person with the virus will infect 𝟓 people every day 

with the flu.  

a. What type of function should the scientists at the CDC use to model the initial spread of this strain of flu to 

try to prevent an epidemic?  Explain how you know.  

Because each person infects 𝟓 people every day, the number of infected people is multiplied by a factor of 𝟓 

each day.  This would be best modeled by an exponential function, at least at the beginning of the outbreak. 

 

b. Do you have enough information to find a model that is appropriate for this situation?  Either find a model or 

explain what other information you would need to do so. 

Yes.  We know the initial number of infected people is 𝟒𝟓, and we know that the number of infected people is 

multiplied by 𝟓 each day.  A model for the number of infected people on day 𝒕 would be 𝑭(𝒕) = 𝟒𝟓(𝟓𝒕). 

 

3. An artist is designing posters for a new advertising campaign.  The first poster takes 

𝟏𝟎 hours to design, but each subsequent poster takes roughly 𝟏𝟓 minutes less time than the 

previous one as he gets more practice. 

a. What type of function models the amount of time needed to create 𝒏 posters, for 

𝒏 ≤ 𝟐𝟎?  Explain how you know.  

Since the time difference between posters is decreasing linearly, we should model this 

scenario using a quadratic function.   

  

Scaffolding: 

Students may need to be 

reminded of the methods for 

finding the coefficients of a 

quadratic polynomial by solving 

a linear system as done in 

Module 1 Lesson 30. 
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b. Do you have enough information to find a model that is appropriate for this situation?  Either find a model or 

explain what other information you would need to do so. 

Yes.  The number of hours needed to create 𝒏 posters can be modeled by a quadratic function  

𝑻(𝒏) = 𝒂𝒏𝟐 + 𝒃𝒏 + 𝒄, 

where we know that 𝑻(𝟎) = 𝟎, 𝑻(𝟏) = 𝟏𝟎, and 𝑻(𝟐) = 𝟏𝟗. 𝟕𝟓.  This gives us the three linear equations 

𝒄 = 𝟎 

𝒂 + 𝒃 + 𝒄 = 𝟏𝟎 

𝟒𝒂 + 𝟐𝒃 + 𝒄 = 𝟏𝟗. 𝟕𝟓. 

We can solve this system of three equations using the methods of Lesson 30 in Module 1, and we find  

𝑻(𝒏) = −𝟎. 𝟏𝟐𝟓𝒏𝟐 + 𝟏𝟎. 𝟏𝟐𝟓𝒏. 

 

4. A homeowner notices that her heating bill is the lowest in the month of August and increases until it reaches its 

highest amount in the month of February.  After February, the amount of the heating bill slowly drops back to the 

level it was in August, when it begins to increase again.  The amount of the bill in February is roughly four times the 

amount of the bill in August.   

a. What type of function models the amount of the heating bill in a particular month?  Explain how you know. 

Because exterior temperatures repeat fairly periodically, with the coldest temperatures in the winter and the 

warmest temperatures in the summer, we would expect a periodic use of heating fuel that was highest in the 

winter and lowest in the summer.  Thus, we should use a sinusoidal function to model this scenario. 

 

b. Do you have enough information to find a model that is appropriate for this situation?  Either find a model or 

explain what other information you would need to do so. 

We cannot model this scenario because we do not know the highest or lowest amount of the heating bill.   

If we knew either of those amounts, we could find the other.  Then, we could find the amplitude of the 

sinusoidal function and create a reasonable model.  

 

5. An online merchant sells used books for $𝟓. 𝟎𝟎 each, and the sales tax rate is 𝟔% of the cost of the books.  Shipping 

charges are a flat rate of $𝟒. 𝟎𝟎 plus an additional $𝟏. 𝟎𝟎 per book.   

a. What type of function models the total cost, including the shipping costs, of a purchase of 𝒙 books?  Explain 

how you know. 

We would use a linear function to model this situation because the total cost increases at a constant rate 

when you increase the number of books purchased.  

 

b. Do you have enough information to find a model that is appropriate for this situation?  Either find a model or 

explain what other information you would need to do so. 

We can model this situation exactly.  If we buy 𝒙 books, then the total cost of the purchase (in dollars) is given 

by  

𝑪(𝒙) = 𝟏. 𝟎𝟔(𝟓𝒙) + 𝟒 + 𝟏𝒙 

= 𝟔.𝟑𝒙 + 𝟒. 

 

6. A stunt woman falls from a tall building in an action-packed movie scene.  Her speed increases by 𝟑𝟐 𝐟𝐭/𝐬 for every 

second that she is falling.  

a. What type of function models her distance from the ground at time 𝒕 seconds?  Explain how you know. 

Because her speed is increasing by 𝟑𝟐 𝐟𝐭/𝐬 every second, her rate at which she gets closer to the ground is 

increasing linearly; thus, we would model this situation with a quadratic function.  
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b. Do you have enough information to find a model that is appropriate for this situation?  Either find a model or 

explain what other information you would need to do so. 

We cannot create a model for this situation because we do not know the height of the building, so we do not 

know how far she will fall.   

 

Discussion  (4 minutes) 

Either call on students or ask for volunteers to present their models for the scenarios in Exercises 2–6. 

 

Closing  (6 minutes) 

Hold a discussion with the entire class in which students provide responses to the following questions.  

 In this lesson, we have looked at four kinds of mathematical models:  linear, quadratic, exponential, and 

sinusoidal.  How is a linear model different from a quadratic model? 

 Responses will vary.  Sample responses include:  A linear model has a constant rate of change.  It has no 

maximum or minimum.  The equation for a quadratic model has one or more squared terms.  Its graph 

is a parabola, and it has a maximum or minimum. 

 How is a quadratic model different from an exponential model? 

 A quadratic model has a maximum or minimum, whereas an exponential model is unbounded.   

A quantity increasing exponentially eventually exceeds a quantity increasing quadratically. 

 How is an exponential model different from a linear model? 

 As 𝑥 changes by 1 in a linear model, the 𝑦-value changes by a fixed amount, but as 𝑥 changes by 1 in an 

exponential model, the 𝑦-value changes by a multiple of 𝑥.  The range of a linear function (that is not 

constant) is all real numbers, and the range of an exponential function is either (−∞, 𝑎) or (𝑎,∞) for 

some real number 𝑎. 

 How is a quadratic model different from a sinusoidal model? 

 A quadratic model has one relative maximum or minimum point and does not repeat, whereas a 

sinusoidal model has an infinite number of relative maximum and minimum points that repeat 

periodically. 

 How is a sinusoidal model different from an exponential model? 

 A sinusoidal model is bounded and cyclic, whereas an exponential model either goes to ±∞ or to a 

constant value as 𝑥 → ∞.  A sinusoidal model changes in a periodic fashion, but an exponential model 

changes at a rate proportional to the current value of the function. 

The four models are summarized in the table below, which can be reproduced and posted in the classroom. 
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Exit Ticket  (5 minutes)   

Lesson Summary 

 If we expect from the context that each new term in the sequence of data is a constant added to the 

previous term, then we try a linear model. 

 If we expect from the context that the second differences of the sequence are constant (meaning that 

the rate of change between terms either grows or shrinks linearly), then we try a quadratic model. 

 If we expect from the context that each new term in the sequence of data is a constant multiple of the 

previous term, then we try an exponential model. 

 If we expect from the context that the sequence of terms is periodic, then we try a sinusoidal model.  

Model Equation of Function Rate of Change 

Linear 𝒇(𝒕) = 𝒂𝒕+ 𝒃 for 𝒂 ≠ 𝟎 Constant 

Quadratic 𝒈(𝒕) = 𝒂𝒕𝟐 + 𝒃𝒕+ 𝒄 for 𝒂 ≠ 𝟎 Changing linearly 

Exponential 𝒉(𝒕) = 𝒂𝒃𝒄𝒕 for 𝟎 < 𝒃 < 𝟏 or 𝒃 > 𝟏 A multiple of the current value 

Sinusoidal 𝒌(𝒕) = 𝑨 𝐬𝐢𝐧 𝒘(𝒕− 𝒉) + 𝒌 for 𝑨,𝒘 ≠ 𝟎 Periodic 
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Name                                   Date                          

Lesson 22:  Choosing a Model 

 
Exit Ticket 
 

The amount of caffeine in a patient’s bloodstream decreases by half every 3.5 hours.  A latte contains 150 mg of 

caffeine, which is absorbed into the bloodstream almost immediately. 

a. What type of function models the caffeine level in the patient’s bloodstream at time 𝑡 hours after drinking the 

latte?  Explain how you know. 

 

 

 

 

 

 

 

 

 

 

 

 

b. Do you have enough information to find a model that is appropriate for this situation?  Either find a model or 

explain what other information you would need to do so. 
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Exit Ticket Sample Solutions 

 

The amount of caffeine in a patient’s bloodstream decreases by half every 𝟑. 𝟓 hours.  A latte contains 𝟏𝟓𝟎 mg of 

caffeine, which is absorbed into the bloodstream almost immediately. 

a. What type of function models the caffeine level in the patient’s bloodstream at time 𝒕 hours after drinking 

the latte?  Explain how you know. 

Because the amount of caffeine decreases by half of the current amount in the bloodstream over a fixed time 

period, we would model this scenario by a decreasing exponential function.  

 

b. Do you have enough information to find a model that is appropriate for this situation?  Either find a model or 

explain what other information you would need to do so. 

Assuming that the latte was the only source of caffeine for this patient, we can model the amount of caffeine 

in the bloodstream (in mg) at time 𝒕 (in hours) by 

𝑪(𝒕) = 𝟏𝟓𝟎(
𝟏

𝟐
)

𝒕
𝟑.𝟓

. 

 
 
Problem Set Sample Solutions 

 

1. A new car depreciates at a rate of about 𝟐𝟎% per year, meaning that its resale value decreases by roughly 𝟐𝟎% 

each year.  After hearing this, Brett said that if you buy a new car this year, then after 𝟓 years the car has a resale 

value of $𝟎. 𝟎𝟎.  Is his reasoning correct?  Explain how you know. 

Brett is not correct.  If the car loses 𝟐𝟎% of its value each year, then it retains 𝟖𝟎% of its resale value each year.  In 

that case, the proper model to use is an exponential function,   

𝑽(𝒕) = 𝑷(𝟎. 𝟖𝟎)𝒕, 

where 𝑷 is the original price paid for the car when it was new, 𝒕 is the number of years the car has been owned, and 

𝑽(𝒕) is the resale value of the car in year 𝒕.  Then, when 𝒕 = 𝟓, the value of the car is 𝑽(𝟓) = 𝑷(𝟎. 𝟖𝟎)𝟓 ≈ 𝟎. 𝟑𝟑𝑷; 

so, after 𝟓 years, the car is worth roughly 𝟑𝟑% of its original price.  

 

2. Alexei just moved to Seattle, and he keeps track of the average rainfall for a few months to see if the city deserves 

its reputation as the rainiest city in the United States.    

Month Average Rainfall 

July 𝟎. 𝟗𝟑 𝐢𝐧. 

September 𝟏. 𝟔𝟏 𝐢𝐧. 

October 𝟑. 𝟐𝟒 𝐢𝐧. 

December 𝟔. 𝟎𝟔 𝐢𝐧. 

 What type of function should Alexei use to model the average rainfall in month 𝒕? 

Although the data appears to be exponential when plotted, an exponential model does not make sense for a 

seasonal phenomenon like rainfall.  Alexei should use a sinusoidal function to model this data.  
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3. Sunny, who wears her hair long and straight, cuts her hair once per year on January 1, always to the same length.  

Her hair grows at a constant rate of 𝟐 𝐜𝐦 per month.  Is it appropriate to model the length of her hair with a 

sinusoidal function?  Explain how you know.  

No.  If we were to use a sinusoidal function to model the length of her hair, then that would imply that her hair 

grows longer and then slowly shrinks back to its original length.  Even though the length of her hair can be 

represented by a periodic function, it abruptly gets cut off once per year and does not smoothly return to its shortest 

length.  None of our models are appropriate for this situation.   

 

4. On average, it takes 𝟐 minutes for a customer to order and pay for a cup of coffee.   

a. What type of function models the amount of time you wait in line as a function of how many people are in 

front of you?  Explain how you know. 

Because the wait time increases by a constant 𝟐 minutes for each person in line, we can use a linear function 

to model this situation.  

 

b. Find a model that is appropriate for this situation. 

If there is no one ahead of you, then your wait time is zero.  Thus, the wait time 𝑾, in minutes, can be 

modeled by  

𝑾(𝒙) =  𝟐𝒙, 

where 𝒙 is the number of people in front of you in line.  

 

5. An online ticket-selling service charges $𝟓𝟎. 𝟎𝟎 for each ticket to an upcoming concert.  In addition, the buyer must 

pay 𝟖% sales tax and a convenience fee of $𝟔. 𝟎𝟎 for the purchase.   

a. What type of function models the total cost of the purchase of 𝒏 tickets in a single transaction? 

The complete price for each ticket is 𝟏. 𝟎𝟖($𝟓𝟎. 𝟎𝟎) = $𝟓𝟒. 𝟎𝟎, so the total price of the purchase increases by 

$𝟓𝟒. 𝟎𝟎 per ticket.  Thus, this should be modeled by a linear function.   

 

b. Find a model that is appropriate for this situation. 

The price (in dollars) for buying 𝒏 tickets, including the convenience fee, is then 𝑻(𝒏) = 𝟓𝟒𝒏 + 𝟔.  

 

6. In a video game, the player must earn enough points to pass one level and progress to the next as shown in the 

table below. 

To pass this level … You need this many total points … 

𝟏 𝟓, 𝟎𝟎𝟎 

𝟐 𝟏𝟓, 𝟎𝟎𝟎 

𝟑 𝟑𝟓, 𝟎𝟎𝟎 

𝟒 𝟔𝟓, 𝟎𝟎𝟎 

That is, the increase in the required number of points increases by 𝟏𝟎, 𝟎𝟎𝟎 points at each level.  

a. What type of function models the total number of points you need to pass to level 𝒏?  Explain how you know. 

Because the increase in needed points is increasing linearly, we should use a quadratic function to model this 

situation. 
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b. Find a model that is appropriate for this situation. 

The amount of points needed to pass level 𝒏 can be modeled by a quadratic function  

𝑷(𝒏) = 𝒂𝒏𝟐 + 𝒃𝒏 + 𝒄, 

where we know that 𝑷(𝟏) = 𝟓𝟎𝟎𝟎, 𝑷(𝟐) = 𝟏𝟓𝟎𝟎𝟎, and 𝑷(𝟑) = 𝟑𝟓𝟎𝟎𝟎.  This gives us the three linear 

equations 

𝒂 + 𝒃 + 𝒄 = 𝟓𝟎𝟎𝟎 

𝟒𝒂 + 𝟐𝒃 + 𝒄 = 𝟏𝟓𝟎𝟎𝟎 

𝟗𝒂 + 𝟑𝒃 + 𝒄 = 𝟑𝟓𝟎𝟎𝟎. 

We can solve this system of three equations using the methods of Lesson 30 in Module 1, and we find  

𝑷(𝒏) = 𝟓𝟎𝟎𝟎𝒏𝟐 − 𝟓𝟎𝟎𝟎𝒏 + 𝟓𝟎𝟎𝟎. 

 

7. The southern white rhinoceros reproduces roughly once every 𝟑 years, giving birth to one calf each time.  Suppose 

that a nature preserve houses 𝟏𝟎𝟎 white rhinoceroses, 𝟓𝟎 of which are female.  Assume that half of the calves born 

are female and that females can reproduce as soon as they are 𝟏 year old.   

a. What type of function should be used to model the population of female white rhinoceroses in the preserve? 

Because all female rhinoceroses give birth every 𝟑 years, and half of those calves are assumed to be female, 

the population of female rhinoceroses increases by 
𝟏

𝟔
 every year.  Thus, we should use an exponential function 

to model the population of female southern white rhinoceroses.  

 

b. Assuming that there is no death in the rhinoceros population, find a function to model the population of 

female white rhinoceroses in the preserve. 

Since 𝟏 +
𝟏
𝟔
≈ 𝟏. 𝟏𝟕 and the initial population is 𝟓𝟎 female southern white rhinoceroses, we can model this by 

𝑹𝟏(𝒕) = 𝟓𝟎(𝟏. 𝟏𝟕)𝒕. 

 

c. Realistically, not all of the rhinoceroses survive each year, so we assume a 𝟓% death rate of all rhinoceroses.  

Now what type of function should be used to model the population of female white rhinoceroses in the 

preserve? 

We should still use an exponential function, but the growth rate needs to be altered to take the death rate 

into account.  

 

d. Find a function to model the population of female white rhinoceroses in the preserve, taking into account the 

births of new calves and the 𝟓% death rate.  

Since 𝟓% of the rhinoceroses die each year, that means that 𝟗𝟓% of them survive.  The new growth rate is 

then 𝟎. 𝟗𝟓(𝟏. 𝟏𝟕) ≈ 𝟏. 𝟏𝟏.  The new model would be  

𝑹𝟐(𝒕) = 𝟓𝟎(𝟏. 𝟏𝟏)𝒕. 
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